Abstract The effects of the polyunsaturated omega-3 (n-3) and omega-6 (n-6) fatty acids (FA) on hematopoiesis are complex in that both FA forms are processed into leukotrienes, eicosanoids, and prostaglandins, which can have independent effects. These FA have antagonistic effects in that n-6 FA prostaglandins tend to be pro-proliferative and pro-inflammatory, while the effects of n-3 FA prostaglandins are the opposite. We have previously shown that diets high in n-3 FA reduce the size of the middle to later stage myeloid progenitor compartment in FVB X sv129 F 1 hybrid mice. To assay the effects of high n-3 FA diets on earlier stages of myelopoiesis, we fed C57BL/6J mice diets high in n-3 FA or levels of n-3/n-6 FA similar to western diets and assayed the effects on myelopoiesis with flow cytometry and colony forming cell assays. Results indicate an expansion of the common myeloid progenitor cell compartment in high n-3 FA diets, which does not persist into later stages where the number of progenitor cells is actually lower in high n-3 FA fed animals. Investigations in vitro with the hematopoietic stem cell line EML-clone 1 indicate that cells cultured with eicosapentaenoic acid (n-3 FA) or arachidonic acid (n-6 FA) have no differences in cell viability but that arachidonic acid more rapidly produces progenitors with low levels of the macrophage developmental marker, F4/80.
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Introduction
The examination of omega-3 (n-3) and omega-6 (n-6) fatty acids (FA) effects on hematopoiesis is important to patient care. The inhibitory effect of n-3 FA on inflammation has led to the use of fish oils that are high in these FA in the management of several inflammatory and autoimmune diseases [1] . n-3 FA affect hematopoietic differentiation by influencing myeloid progenitor cells [2] . n-3 FA are known to affect immune system function by reducing several aspects of neutrophil, monocyte, and lymphocyte function [1] . Suppression of n-6 derived eicosanoids has been proposed as a strategy for chemoprevention and as an adjunct for treatment of cancer [3] [4] [5] [6] . n-3 and n-6 FA are incorporated into cell membranes either directly or after elongation and then desaturation by D6 and D5 desaturases. Dietary linoleic acid (LNA, 18 carbons, n-6 FA) is generally considered to be the major source of tissue arachidonic acid (ARA, 20 carbons, n-6 FA) although meat fat can be a direct source of ARA [7] . n-3 FA have greater affinity for the D5 and D6 desaturases than n-6 FA. Consequently, increasing dietary intake of n-3 FA reduces the desaturation of LNA and reduces the production of ARA [8] . All three major n-3 FAa linolenic acid (ALA, 18:3, n-3)-eicosapentaenoic acid (EPA, 20:5, n-3), and docosahexaenoic acid (DHA, 22:6, n-3), directly inhibit the production of ARA from LNA [8] .
Both ARA and EPA can be cleaved from the cell membrane phospholipids stores by phospholipase A 2 and acted on by cyclooxygenases (either the constitutive COX1 or the inducible COX2) to produce prostaglandin precursors which are isomerized by prostaglandin synthases to produce prostaglandins. COX activity on ARA forms the two-series prostaglandins that tend to be pro-proliferative and pro-inflammatory in most tissues [9] . Micromolar concentrations of prostaglandin E2 increase human myeloid progenitor cell proliferation [2] . However, COX activity on EPA forms the three-series prostaglandins that tend to have anti-proliferative and anti-inflammatory properties [9] . In addition to prostaglandins, leukotrienes and eicosanoids are formed from FA through activity of various lipoxygenases. These have been shown to have varying and sometimes controversial effects on either hematopoietic stem cell or myeloid progenitor cell differentiation [2, 10] . A model system approach is needed to effectively dissect the net effect of dietary fatty acids on hematopoiesis in vivo.
In this study, we examined the effects of n-3 and n-6 fatty acids in vivo in the mouse, with an analysis at the level of stem and progenitor subtypes. Our results indicate that, compared to diets rich in n-6 FA, diets rich in n-3 FA induce lower levels of later stage myeloid progenitor cells in mice, but that there is a higher frequency of the earliest stage myeloid progenitor cells in these mice. Our in vitro results indicate that aspects of the in vivo effects of n-3 and n-6 FA can be modeled using the EML cell culture system to ascertain the mechanisms involved.
Materials and Methods

Animals
Mice were housed in the AAALAC accredited animal facilities of the Marshall Universitiy School of Medicine. All animal use and care was approved by the Marshall University Institutional Animal and Use Committee. The mice were housed 3-4 in a cage and individually numbered for identification. Mice were fed either a fish oil diet (n = 8) or a corn oil diet (n = 8) from 6 weeks of age until 20 weeks of age (100 days on diet).
Diet
The base diet was an AIN-76A diet modified by substitution of 5% sucrose for 5% more oils to contain a total of 10% w/w oil ( Tables 1, 2 ). The fish oil diet contained 3.65% n-3 FA and 1.3% n-6 FA. The corn oil diet contained 0.1% n-3 FA and 6.1% n-6 FA. Diets were prepared in the Marshall University School of Medicine animal diet prep room. Diet composition is shown in Table 1 and was formulated to be isocaloric, isonutrient, and relevant to human consumption. The AIN-76A diet is adequate for the nutritional support of the mice [11] . The dry ingredients of the diet were obtained in bulk from MP Biomedicals (Solon, OH, USA), sugar, corn, and canola oil were purchased locally (100% canola oil, 100% corn oil, no additives or preservatives). The n-3 supplement (OmegaRx Liquid) was purchased from Zone Labs, Danvers, MA. Batches of diet were prepared as needed, about every 2 weeks. The diet mixture was pressed into trays. Food (25-30 g) was stored in sealed containers at -20°C to prevent oxidation of the fat and bacterial growth in the food. Mice had free access to food and water and were fed fresh food 5 days per week. Food removed from cages was discarded.
Colony Forming Cell (CFC) Assays CFC assays were performed upon bone marrow isolated from the mice as previously discussed [12, 13] . Briefly, bone marrow was harvested by flushing from the femurs with Iscove's modified Dulbecco's medium and cells were counted and seeded in 4-well plates at a density determined empirically by a pilot study conducted with a broad and consistent range of seeding densities. After linear response of colony production to seeding density was insured by the pilot study, seeding densities were chosen to produce 10-30 colonies for each well (4-well plates). Bone marrow was cultured in 1% semi-solid Methocult M3434 (StemCell Technologies), supplemented with 0.4% autochthonous sera. Cells were incubated for 6-7 days to allow colony formation. Colonies with a minimum cell number of 20 were scored as positive using an inverted microscope at 409 magnification. Colonies were counted based on morphological features that are associated with each progenitor type.
Cell Cycle Analysis EML cells were seeded at 2 9 10 5 cells/mL and treated with vehicle, 60 lM ARA (Sigma-Aldrich, cat # A3555), and 60 lM EPA (Sigma-Aldrich, cat # E2011). Cell counts were taken at 24 and 48 h. After 48 h, cells were collected, centrifuged (500g) and washed once with PBS. The cells were then resuspended in PBS (without Ca 2? or Mg 2? ) and incubated with 70% EtOH for [2 h, at which time they were again centrifuged (500g) and washed once with PBS. The cells were then resuspended in PBS (without Ca 2? or Mg 2? ) containing 50 lg/mL of propidium iodide and 250 lg/mL of RNase A (both purchased from Sigma, St. Louis, MO, USA) and incubated at 37°C for 30 min. Cells were then analyzed for fluorescence by flow cytometry on a BD FACSAria.
Flow Cytometry
The preparation of bone marrow for flow cytometry was performed as previously described [12] . EML cells were prepared by washing twice with FACS buffer (PBS supplemented with 0.5% bovine serum albumin and 2 mM EDTA) and collecting by centrifugation. Thereafter, samples of both type were incubated with 2% autochthonous sera obtained from cardiac puncture just before marrow harvest to prevent nonspecific binding by blocking the Fc receptors for half an hour at 4°C. The cells were washed again and labeled with antibodies for 30 min on ice. The following antibodies were used in the bone marrow studies with Streptavidin-Pacific Blue to detect biotinylated antibodies: PE-Cy7 conjugated Sca-1 (clone D7, eBiosciences #25-5981-81), APC-eFluor 750 conjugated CD117 (clone 2B8, eBiosciences #47-1171-80), biotinylated lineage panel (BD Biosciences #559971), biotinylated IL-7Ra (clone B12-1, BD Biosciences #555288), APC conjugated F C Rc (clone 93, eBiosciences #17-0161-81), and PE Total 100 100
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The base diet is an AIN-76A diet modified by substitution of 5% sucrose for 5% more oils to contain a total of 10% w/w oil. The mouse food recipe contains 10% fat in each diet supplied through these oils The corn oil diet is the low n-3:n-6 FA diet containing 10% w/w corn oil as the source of all fat. The fish oil diet is our high n-3:n-6 FA diet containing 5% w/w canola oil and 5% w/w n-3 FA supplement. The corn oil diet contains 0.1% n-3 FA and 6.1% n-6 FA, which is a relative ratio of n-6 to n-3 of 61:1. The fish oil diet contains 3.65% n-3 FA and 1.3% n-6 FA, which is a relative ratio of [14] . For differentiation studies, EML cells were induced to differentiate into myeloid cells with 10 lM all-trans retinoic acid (ATRA; sigma, St. Louis, MO, USA), 10% BHK conditioned medium (source of stem cell factor) and 15% WEHI conditioned medium (source of interleukin-3a) for 3 days. EML-clone1 cells were seeded at 2 9 10 5 cells/mL and cultured for 24 h in 60 lM FA (same formulations as stated previously) in standard growth medium (20% horse serum, 70% Dulbecco's modified eagle medium, and 10% BHK conditioned medium). After 24 h cells were placed in differentiation medium with 60 lM FA at 2.0 9 10 5 cells/ mL. Cell counts were performed using trypan blue at 24, 48, 72, and 96 h. After 96 h cells were processed for flow cytometry analysis.
FA Metabolism Studies
Cells were seeded at 2 9 10 5 cells/mL and treated with vehicle or 60 lM FA (same formulations as stated previously). Cell counts were performed at 24, 48, 72, and 96 h using trypan blue. At each time point, half the total volume of the culture was taken as a sample and replaced with untreated growth media. Each sample was centrifuged (500g), the supernatant removed and the pellet store at -20°C until analyzed by gas chromatography.
At the time of gas chromatography, cells were homogenized in 0.1% butylated hydroxytoluene in 70% methanol/ distilled water to prevent FA oxidation. Lipids were extracted with chloroform/methanol and methylated.
Methylated lipids were separated and identified using gas chromatography as previously published [15] . FA methyl ester standards (Nu-Chek-Prep, Elysian, MN, USA) were used for peak identification. The FA methyl esters were reported as the percent of the total methylated FA (area under the curve).
Statistical Analysis
Statistical analyses were run using SAS software release 9.2 (SAS Institute Inc. Cary, NC, USA). Student's t tests were used to detect differences between the experimental groups (corn versus fish diet) of colony forming cells (n = 8 for each group) and between the experimental groups (corn vs. fish diet) in flow cytometry assays (n = 8 for each group). To determine statistical significance in gas chromatography experiments and differentiation studies the levels of fatty acids of a particular type were analyzed using either one-way analysis of variance (ANOVA) or by one-way Kruskal-Wallis analysis of variance on ranks. Dunnett multiple comparison tests were used for testing if any treatments are significantly different from a single control for all main effects means in the MEANS statement.
Results
Fish Oil Diets Induce Changes in the Frequency of Various Myeloid Progenitor Cell Types in the Bone Marrow
In our previous investigations of the effect of fish oil diets on murine hematopoiesis, we found a down-regulation in the frequency of myeloid progenitor cells in bone marrow in mice fed fish oil diets compared to those on corn oil diets [16] . Other investigators have reported that bone marrow of rodents readily changes composition based upon dietary FA sources [17] . However, our investigations using colony forming cell assays limited our ability to assay the frequency of more immature cell types, such as the common myeloid progenitor (CMP) and hematopoietic stem cell (HSC). In order to assay the effects of high n-3 FA diets on these cell types, we verified that the effects seen in hybrid F 1 animals were also seen in C57BL/6 mice where flow cytometry markers for examining these rare cell types have been verified [18] . In the experiments presented here, mice were fed diets rich in n-3 FA (fish oil diet) or rich in n-6 FA (corn oil diet) from 6 weeks of age until 20 weeks of age (Tables 1, 2 , 100 days on diet). Bone marrow was then harvested and analyzed by colony forming cell assay and flow cytometry. There was no difference in density of cells in the bone marrow (Fig. 1a) . Our results (Fig. 1b) indicated an overall lower frequency of mid to late stage progenitors when mice were fed n-3 FA rich diets compared to those that were fed diets rich in n-6 FA rich diets. There was a significantly lower (26%, p \ 0.01) overall myeloid progenitor cell frequency, with significant reductions (p \ 0.05) in colony forming unit granulocyte-macrophage (CFU-GM) and colony forming unit macrophage (CFU-M).
When we examined the relative contributions of each progenitor cell type to the overall myeloid progenitor cell pool in the bone marrow (Fig. 1c) , we found that there is a significant reduction in CFU-GM proportion in mice on the fish oil diet (p \ 0.05). The comparison of proportions of subtypes of myeloid progenitors is different than what we observed in FVB X sv129 F 1 hybrid mice [16] , where we observed an overall shift to more later stage progenitor types [16] . Thus, though there was a reduction in myeloid progenitor cell frequencies in the marrow and a twofold reduction in proportion of CFU-GM, there was little shift in proportions of the other progenitor subtypes. This may be due to particular characteristics of the C57BL/6 inbred strain that are not seen in F 1 hybrid animals, due to the lessening of homozygous recessive mutations in hybrid animals. We have shown that mice vary significantly in myeloid progenitor cell frequencies in a previous publication [12] . These data indicate that C57BL/6 mice responded to high n-3 FA diets with a reduction in overall myeloid progenitors cell frequencies, and significantly altering the proportions of the CFU-GM present.
The Frequency of the Common Myeloid Progenitor Fraction is Increased in Mice Fed Fish Oil Diets
In order to assay the frequencies of earlier stage stem and progenitors cells in mice fed corn and fish oil diets, flow cytometry studies were conducted using established gating parameters for the assay of HSC, CMP, granulocytemacrophage progenitors (GMP), and megakaryocyteerythrocyte progenitors (HSC) in C57BL/6 mice [18] (Fig. 2a) . These data show a 50% increase (p = 0.01) in the frequency of the CMP fraction in mice fed fish oil diets (Fig. 2b ). There were no significant differences in frequency of HSC, GMP, or MEP fractions indicated in these studies. These data suggest that the frequency of the CMP has been increased by administration of a diet containing high levels of n-3 FA.
FA Applied to EML Cell Culture Medium are Incorporated and Processed
In order to study the observed effects of n-3 versus n-6 FA on early myeloid progenitor cells in more detail, we examined the effects of the polyunsaturated fatty acids EPA and ARA on EML cells in culture. We chose to compare these two FA because EPA (20:5, n-3) is the fatty acid most molecularly similar to ARA (20 carbons, n-6 FA) available. DHAn-3 (22:6, n-3) has two more carbons in the chain. The EML cell line is a stem cell factor dependent multipotent cell line with erythroid (E), myeloid (M), and lymphoid (L) potential. It was established from DBA/2 mouse bone marrow infected with a retroviral vector (LRARa403SN) harboring a dominant negative retinoic acid receptor [14] . It is a suspension cell line consisting of mostly blast like cells with 20-30% hand mirror shaped cells. EML cells serve as an excellent model to study hematopoietic differentiation. It can be induced to differentiate towards granulocyte/monocyte progenitors by high concentration of all-trans retinoic acid (ATRA) in the presence of interleukin-3 (IL-3).
To verify the incorporation and processing by EML cells of FA placed in the culture medium, we spiked the culture medium with 60 lM ARA (Fig. 3a) or 60 lM EPA (Fig. 3b) and analyzed the levels of various FA present in the cells over the course of 4 days. Cells were analyzed Fig. 2 Increase in early myeloid progenitors by high n-3 diets. Mice were fed either corn oil or fish oil diets for x days followed by harvesting of bone marrow from femurs. Bone marrow was analyzed by flow cytometry first by FSC X lineage panel ? IL7Ra, then by C-kit and Sca-1 expression, followed by FccR X CD34 expression to differentiate between various stem or progenitor cell types (a). The percentage of the total marrow cells labeling positive for each fraction are shown (b). Significant differences as measured by Student's t tests (p \ 0.05) are indicated by asterisk. Error bars represent SEM (n = 8). HSC hematopoietic stem cells, CMP common myeloid progenitors, GMP granulocyte macrophage progenitors, and HSC megakaryocyte erythrocyte progenitors with gas chromatography daily to determine the uptake and processing of FA. The major FA in untreated EML cell membranes are steric acid, oleic acid, LNA, and ARA (time 0). There are only faint traces of n-3 FA such as ALA, EPA, docosapentaenoic acid (DPA), and DHA in EML cell membranes under normal culturing conditions (time 0). In both cultures, the percentage of the major constituent of cell membranes (steric acid) is reduced as this is replaced by either ARA or EPA (Fig. 3a, b, 24 h) . Thus, FA supplied in culture medium were being incorporated into cellular membranes and this occurs within 24 h. Supplementation of ARA in the medium caused an increase in the already substantial levels of ARA in cellular membranes (Fig. 3a) . There was a significant (p \ 0.05) two-fold increase in ARA at 24 h that drops to a 66% increase at 48 h and was maintained for the remainder of the 4 days. The addition of EPA to the culture medium caused a significant (p \ 0.001) increase in the n-3 FA EPA and elevated levels (p value significant before correction for multiple comparisons) of the EPA elongation metabolite DPA, with a corresponding significant (p \ 0.001) decrease in ARA by 24 h (Fig. 3b) . Interestingly, there was no increase in DHA, which is the D4 desaturase metabolite of DPA, indicating EML cells do not have this enzymatic activity. Thus, addition of FA to the cell medium resulted in incorporation of these FA into cellular membranes and processing of these FA by 24 h.
Incubation of EML Cells with FA has Effects on Immunophenotype and Cell Viability
To determine if the effects of n-3 versus n-6 FA seen in our in vivo experiment are due to viability/proliferation differences induced by the FA, we analyzed the effect of n-3 The uptake and processing of these FA was assayed over the course of 4 days. Samples were taken just before addition of the FA (t = 0), 24 and n-6 FA on EML cells in culture (Fig. 4a) for 2 days, since we have shown the greatest levels of incorporation of fatty acids supplied through the culture medium occur at 24 h according to the gas chromatography. EML cells in their native state are a model for hematopoietic stem cells. We found that cultures treated with 60 lM ARA had significantly reduced (p \ 0.05) cell counts after 1 day compared to the vehicle control. EPA treated cultures had slightly lower cell counts at day one, but the difference was not statistically significant. Neither of the treated cultures had statistically significant differences from the control at day 2, indicating that the effects of treatment with ARA were transitory. These results are consistent with the in vivo results, where we saw no difference in the stem cell compartment of fish oil (high n-3) versus corn oil (high n-6) fed mice.
To observe cell autonomous effects of n-3 versus n-6 FA on cell viability and proliferation during the GMP myeloid progenitor cell differentiation stage we primed EML cells for 24 h with 60 lM EPA or ARA, then induced differentiation into macrophage/granulocytic lineages with ATRA, stem cell factor (SCF), and IL-3. After 72 h in the differentiation medium, cell counts were performed on these EML cell cultures. Viability/proliferation was measured by trypan blue exclusion (Fig. 4b) . The viability of the cell cultures was very similar with the various treatments at each stage with a fairly consistent viability as the cultures differentiated (measured by non-stained cells/total cells, data not presented). All cultures were proliferating robustly with a doubling time starting at 18 h and shortening as differentiation proceeded (data not presented). The major finding of this study was a significant reduction (p \ 0.05) in cell counts in the EPA treatment group at days 2 (11% reduction) and 3 (21% reduction) with a suggestive reduction at day 1 (Fig. 4b) . There was no reduction in viability of the cultures at these time points, suggesting the difference was due to cell proliferation. These results are consistent with our in vivo results that show a higher frequency of middle-later stage myeloid progenitors with high n-6 diets.
To observe cell autonomous effects of n-3 versus n-6 FA on myeloid progenitor cell differentiation we primed EML cells for 24 h with 60 lM EPA or ARA, then induced differentiation into macrophage/granulocytic lineages with ATRA, stem cell factor (SCF), and IL-3. After 72 h in the differentiation medium, EML cells were immunophenotyped for the early markers Sca-1 and CD117, as well as the differentiation markers Ly6G, CD11b, CD45, and F4/80 (Fig. 5b ). There were no significant decreases in Sca-1 levels (the first sign of differentiation in this model) with treatment, though the decrease with ARA treatment is suggestive (p value significant before correction for multiple comparisons, but not after the appropriate Dunnett multiple comparison correction) when comparing treatments to vehicle control. There was significant (p \ 0.05) Fig. 4 In vitro culture of EML cells shows a slight increased viability in n-3 versus n-6 augmented cultures. EML cells in standard culture were augmented with either vehicle control, arachidonic acid (n-6), or eicosapentaenoic acid (n-3) for 48 h with cell counts performed at 24 and 48 h to determine viability (a). EML cells were cultured in either vehicle control, arachidonic acid (n-6), or eicosapentaenoic acid (n-3) for 24 h then induced to differentiate for another 72 h down myeloid lineages (b). Data displayed are the results of two (a) or three (b) independent experiments with the mean and SEM displayed of culture counts normalized to the vehicle control. * indicate statistically significant (p \ 0.05) difference based on one-way ANOVA test with Dunnett multiple comparisons adjustment (Fig. 5b) indicates the production of a granulocyte/macrophage progenitor population with ARA treatment. These two results are consistent in that there is a lower frequency of the marker for stem cells and an increase in frequency of the differentiation marker F4/80. This result is also consistent with the in vivo data that found an increase in production of granulocyte and macrophage progenitor subtypes at later stages. The expression of F4/80 appears to be at a low abundance on a per cell basis in both ARA and EPA treated samples, but much more prevalent in ARA treated samples (Fig. 5c) . Thus, our model suggests that the differences seen in the CMP compartment seen in our in vivo experiment are not due to changes in rate of differentiation in the bone marrow and that n-6 FA supplementation produces a shift to macrophage/granulocytic lineages as seen in vivo.
Discussion
Our primary objective in this study was to determine if the reduction of later myeloid progenitor subtypes by diets high in n-3 FA seen previously [12] was the continuation of differences induced at earlier stages of myeloid progenitor development. The data from these experiments indicate that this is not the case. The effect of lowering the frequency of myeloid progenitors of the later stages in mice fed n-3 FA rich diet was recapitulated in the present study, but we did not see a lowering of the stem/early progenitor cell fractions in the bone marrow. Conversely, we observed an increase in the common myeloid progenitor cell fraction with flow cytometry. Thus, the effects of n-3 FA on stem/ progenitor cell biology in bone marrow are not a simple lowering of the overall frequency of these cell types. Determination of the exact mechanism of n-3 FA effects will entail studies at multiple levels of maturation in bone marrow. Possible mechanisms include effects through metabolites such as leukotrienes, resolvins, incorporation into cell signaling molecules such as hedgehog, or production of prostaglandins. Our data suggest that these mechanisms are eventually triggering a slowed differentiation between the early and middle myeloid progenitor phases resulting in an increase in early progenitors and a decrease in later stage progenitors in high n-3 diets. Understanding the mechanisms involved will enable targeted therapies to hematopoietic disorders involving problematic differentiation.
Our in vivo studies indicate that diets rich in n-3 FA when compared to n-6 FA have an effect of increasing the frequency of CMP, but no effect on HSC (Fig. 2) . The changes seen in early stem/progenitor cell biology are then reversed, in that diets rich in n-6 FA produce more later stage progenitor cells of the granulocyte and macrophage lineage (Fig. 1) . The results of our stem cell culture model found no lasting effects on stem cell viability or proliferation when cultured in n-3 versus n-6 fatty acids (Fig. 4a) , similar to that seen in vivo. It is interesting that we did not see an increase in HSC with the corn oil diet containing high n-6 FA levels considering the recent results indicating one of the products of n-6 FA, prostaglandin E 2 , can increase HSC production in vivo [19] [20] [21] [22] . This may be due to the complex metabolism of FA and use of them in biomolecules or the genetics of the C57BL/6 model. We found a low level expression of F4/80 antigen upon treatment with ARA treatment, characteristic of macrophage progenitor development [23] [24] [25] [26] , consistent with these progenitors being greater in vivo in corn oil fed mice compared to fish oil fed mice (Fig. 1) . No other significant changes were seen in differentiation state upon treatment with ARA or EPA in comparison to vehicle controls. We observed a lower proliferation rate during differentiation of EML cells while cultured in EPA compared to vehicle controls that was not seen with ARA treatment. This is consistent with an overall lowering of middle-later stage myeloid progenitor cell numbers in mice fed fish oil diets relative to corn oil diets (Fig. 1 ). An important consideration in extrapolating these in vitro experiments to our in vivo results is that the EML cell model only takes into account cell autonomous factors. The stem cell niche is an important part of stem cell biology and this is not recapitulated in this model.
These data indicate that the effect of n-3 FA in the diet of mice on reducing later stage myeloid progenitors is not a simple reduction of HSC in the bone marrow relative to n-6 FA fed mice. n-3 FA appear to have a diverse effect depending upon the stage of progenitor cell development. Understanding the mechanisms involved will allow a more targeted approach to using n-3 FA clinically in differentiation therapies. We are currently investigating whether the use of n-3 fatty acids as a mechanism of induced differentiation is applicable to reduction of the progression of chronic myelogenous leukemia (CML) to the lethal blast crisis phase in a murine model as well as clinical trials with B-cell malignancies ( [27] and unpublished results).
